Hi • Vi 



HELICOPTER FLIGHT SIMULATION 




DIGITAL 
INTEGRATION O 

JOYSTICK REQUIRED 



It took 1 1 years to develop the 
first Advanced Attack 
Helicopter (AAH) tor trie U.S. 
Army, (the first prototype flew 
on. 30th September 1 975) and 
the Hughes AH-64A Apache 
has surpassed all 
expectations. 

The very appearance ot this 
monstrous machine is 
calculated to instill (ear into 
the hearts of the enemy. Its 
performance Is equally 
terrifying. 



The Apache Is first and 
foremost a formidable 
fighting machine. It can Jly 
low over the ground at great 
speed yet with enough 
Stealth to surprise the enemy 
with a massive 
bombardment. Its Hellfire 
anti-tank missiles are guided 
by laser beams for 
extraordinary accuracy. It can 
operate by day or night and in 
adverse wsather conditions, 
and is designed to protect the 
2-man crew from the most 
arduous battle conditions. 
Some really special and 
unique features Include a 
'Black Hole' which is an IR 



suppression system in the 
exhaust to protect against IR- 
homiog missiles. A truly 
futuristic touch is the 
Integrated Helmet and 
Display Sight System 
(IHADSSJ which, amongst 
other things, permits both 
pilots to point weapons 
simply by looking at the 
target. The delivery of the 
first Apachr-s to the U.S. 
Army in 1984 has given them 
fighting machines described 
as possibly "more 
revolutionary than the 
Germans 1 use of tanks and 
dive bombers in the Blitzkrieg 
warfare of World War II". 



AH 64 A APA< 




Armament 

1 6 Rockwell AGM 1 1-1 A Hellfire 

antitank missiles 

1 Hughes MZ3 0A1 30mm Cham Gun 

Btiiomaiic cannon plus 1 .200 rounds. 

4 i9.round pods of 2V*' (70 

rockets, 



Power 

Two General Electric T700-GE-701 

lurbosnaft engines Each rated al 

l,695snp(l 26d kW) alses level. 

ISA, for take-oH. with a contingency 

rating ol 1 .723 shp ( 1 286 kVvf 



Mmanaiona 

Mam rotor cTiameler: 48' (14,03m) 

Tail rotor diameter: 9' 2* (2, 79m] 
Fuselage length: 49' I V;' (14,97m). 
Height overall; 16' 9Vfe" (3.84m) 
Main rotor disc area: 1 .809 'A sq. H. 

iBa.ii 1, 




Tomahawk by D.K. Marshall 
Available on 48K Spectrum 

Demons trated performance 
Based on actual flight lest data, the 
AH-64A exceeds the Army's slated 
requirement by a factor ol 3, Given 
primary mission requirements, vertical 
rale of lakeoff has been demonstrated 
al 1 450 FPM . A superior performance 
which gives the Apache substantial 
horsepower reserves and optimum 
tactical flaxibilily. 



Performance 

Maximum speed; (al 6316 kg/13,925 
lb) I97kts 

Max Cruise speed: 158 kls. 

Range: (internal fuel) 61 1 km (380 

mites) and |(erry) 1 804 km ( 1 ,1 21 

miles). 

Man. vertical rate of dime: 1450 It. per 

mingle 

Service ceiling: 20,000 II. (6 100m). 

Max. range internal fuel: 372 naut. 

mites (689 km). 

Endurance: 1 hr 50 min (o 2hr30mln 

according to weapon toad and mission 

proffii 

Max. endurance on internal fuel; 3hr 

34 nun. 



Weights 

Empty:ll,015tof4996kg). 

Structural design gross weight H.660 

* (6 650 kg). 

Primary mission gross weight: 14.694 

lb (6 665 kg] 

Man. take-on" weight: 1 7.650 lb (8006 

kg). 
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AIR TO AIR COMBAT 
TECHNIQUES 



b (Mo. Bw "dogBuhl" sccnaro no* raroly 
DCOJNtd bfltwefrn nftHeoptara bat ««p-ns 
t*<tr* VW U»er* « anal powiaBty al nir-to a* 



•c (he butkjm. 

various tKhnkiuM tifu^unn mrfecm &y us. 



HighYoVo(Rgl) 

ntt Wietuv* M ill manoeuvres is id pmw 

cawiol! on ine tai o* irw itirMi MC*sfl -i"fl tc 
MIMaMt tNs advontoyo untri waapon dIiih 

Hi s *r*gn YO yg " Degtfu vhi n *» *n*mv awtaa 

making a sudden OgW Mm « an stomot: |o 
bnwk oil the pursuit By puBng up into a dimo 
ttiowad By B SfieeO roll, turn and iVn. Bto 
.«jic*>oQ heteoisttr p/awita sn wwbJwoI and 
pulls cut again orno toe tad of the onemy aircrn* 



**as 




Fig1 HtghYoYo 



Fig2 Horizontal Scissors 
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Horizontal Scissors (Fig 2) 

nils to • MPMisivfl miraofchT» AiAnded to Ihro* 
off a purtuing aircraft ana WDWqWnfy CCM 
cut onto fil% lad Begin mto a. atoep rot angle aa 
1 lo wilir * «flri( turn Aa IV enemy aJrcnit 
rvtpomj* win i** iu-n. ouictty mew ** 

proceduw lo kvceilho pursuer lo ovamhoai. &p 
hMbnfi- Crtoe oadln «to a hgM km fc»*ud* I* 
irwisy. *e msretuw* la conwWM 



Side-Rare Quick Stop (Fig 3) 

Thin ciae#-rorvg* dafensh* rriflno*jvT€ be&/ia 
«an a rape qa m a r a ttw brought atwui by brim 

un or** rudder pedals lo tkewthe helicopter. 
This pvn« an rTiDrOsaton lo Iho pursuing aircmrl 
That you are ansenng a luro, when in bet you 
am slowing down rapidly Ae h* ova cahoots,, (hg- 
manoouvre conbnupR aoHi a -ap-d ««e!e*al io/» 
Inoee down, pull up op the coHocanM and 
a iigur lum to ttvig ycurs*N out orao The 
ooooJimr* uil 

Dalence again*! the »d«-lUri> ig lc perlorrn a 
.roof, din* lolloped by a lorque lum. grring 
VDuraaH a naajhi aovantaoo sn t»an a Oving 
■nsc* 
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Fig 4 Wing -Over Attack 





Wing-Otf&r Attack (Rg 4) 

TN3 uMensro nunoauni 11 uwd in a head-on 
jpBruch Mutton and begin* by aGCetontfa-ig 
toward* ino target toiioww) By a rapid Cfflb la 
t^nln a haigh! sdvdnlag* The aOacW contaxw 
*itn n nieea tuin or ~-iiir*f-emc". h-iaiij doiarg 
m tor aw Hill. Oe*snc« Boalnai uv* 



<^ 



! the coaitva * 
■eneg of spinning ■ 

as men a^moteioflrtDntotnaotrier'B.lai 
Thfl un>Qua agaey ol Ih* heUcooli-r oftars 

wvrn»5yi Koo* For vary agflrBBM- and aoac- 

laculsi oonrtwl manoomir»s- Pr«bc» -noftvs 
Btfltdl 



HELICOPTER AERODYNAMICS 



the iomvwiq a«CHf»wi is imenooa only ra an 
nPoceeSon to tm luteecL Ale recommend! the 
iQitrmtnQ boo" loi further reading 
~tr» itoticowar - ntslory. CMlowq and now n 
files t^Jotiiri Jay, PbWnho^^v £131*3 S-ChflrlUfi, 

Lift, Weight, Thrust S Drag 

Steady forward flight ol any aircraft 
dopencs upon thebaJancBot four forces - 
Lift, Vfetght trwusi and Drag. In the case ol 
the hehcopier, Ufi is generated by Die rotor 
blades forcing at downward!* as thuv 
rotate. In Pact, cadi rotor wade lis very 
wnliar go irm wing ot nn aircraft with lift 
Being generaled by il» aerofoil shape 
rotating, at high speed VanatianaltncMtis 
achieved byaiertng Ihe angle ar which the 
blade Dawes mruugn trie &•*. ramnionly 
known asm* "angle ol attacJT If ihe pHol 
collectively hits an Of Ihe rotor bidden by 
the same amount, rh* resulting totco will 
becortie grenter than the weight ol the 
hellCOp4or and the aecmft will rise Into the 

■It Frnaflry; adjustment of the Irt so that tt 
equals Ihe helicopter "b weight wll result in 
3 steady hover. We have now balanced our 
Krai two forces - Lift ana Weight (Bg 1 1 
lo begin lofwara motion, wemust -generate 
a forward tore* or Tttrusl- Unlike lixod- 
wtrvg aircraft, iWiCBpters do not use thai' 
anginas as a direct aouf-co ol forward 
thrust Tha required 1orce uj. generated by 
lilting the rotor tRades thereby using a 
comooiwnl ol Ihc vertical lift lo pull the 
nelicopter forwards n 15 aim pie te imagine 
that the rota? blades would in lad ael as a 
giant propeiwy >l the hesicoptc* were lo lilt 
tor enough lorwarow 

/a the «>ofccc>pnV: eccetwadoe. an aero- 
dynamic drag or wnid rwsistfl n£e builds up 
lo oppose Ihc mobon and eventuafly the 
helicopter's speed ml stabilise so that the 
lorward Thrust equate Che aerodynamic 
Drag We have now balanced our remain- 
log two torce* - Thrust and Dvjig <Rg t ]• 
The heftcoptea however hat an aHctitionni 
problem The force- required to turn (ho 
rotor blade* goners ww on equal an-d 
opposlw force Hf^ewton's Third Law! 
landing to rntrte the *use*age lum Hi the 
acoos-te direction tome rotor "blades. This 
Is overcome by introducing a laii lOEor 
which pushes sideways and halancns the 
unwmu reaction torco 



(Rfll) 




Pilot's Controls 

The prenary controls ot a helicopter a*e 
SirrWlar to those found In a fixed-wing 
**cr«ti i 0. .toyslicK and rudder ceaalfl. Ine 
joystick of cyclic conlrof column ie uaec: lo 
lilt Ihe ruse*age of the helicopter up- and 
down, and to roll tho helicopter fren »de 10 
side Rudder pedals are usod to turn or 
skew the hetioopter by vuryWg v* puch ol 
me lail rwo? Madaa Aihird control R/wwn 
as the Collectiwo lovor. .a used » vary tha 
Men ot the rotor blades "corUKWely ' 
thnrDhy giving a vertical I H conir&J Since 
torwaro thrust ts derived »rom rAe main 
rotor blades, acceleration and speed 
control is achieved by a combinAbon of 
cyclic and coHectrw*- tonirois 
Unlike llxed-wtng aitcran. operation ol eny 
one conirot usually resuls M tne n«ed lo 

counteract unwantod responses with the 
Other controls Iri Ihe enso of Ihe Apache 

howevo*. rnuch ol Bits "croas-coupdng"' 
has been eliminated by automatic CQffi- 
prjier-co'nroiieil systems 
Since me enginea a*e only provrdi'rgi 
power lo rotate tne rotor btadea. ilia typical 
in modern gas. tur&srte hehcopteis » set 
and leave Iho lltrotile ccnlrot at its nuui- 
mum position- As tnn effori or "Torque" 
mgufud to o>l« the rwor blaaea varies 
dk»e lo brace bitcn changes cv aero- 
dynamic etfedB. Che powei required Irom 
the engines varies accordingly, in orde/ lo 
M«o tne tolor wadea. turning al a constant 
aoeed. me cower outpoi h&fn the engines 
is adjusted autdrrurticalty by an "fluto- 

throtlte" which dpo-ales in piojillol with the 
peal s COi»lrot This conaidcrably simplirios 
the task ol frying lh* helicopler VBriatioas 
in powet output from Ihe engines can be 
seen as. fluctuations In the e>ngine rpm 
display on the instrument panel 

Translation*! Lift 

The amount ol lift generated by the rotor 
Wades ircreiiKs with nelicooler speed. 
This iscAllad ' tmnslational hfl" and rosuila 
in Ihe pilot requiring lets collective pteh 
as hia aoeed increatiies Howevef. as ihe 
neticopier conlmuea to accelerate, l^e 
e»lra Bin generated is offsel by Ihe build 
upol large aerodyAarriic drtg torCos which 
<n turn must be overcome with higher 
collective sellings rn oroe* to ma-Ham 
forward thrust. This vanatlon in operating 
efficiency*' can be v^auanaea as a curve 
wrtn lis peak at appro*! rnaiely 60 his. 
A helicopter requires mueh more power 
lot a vortical cilmo man It does re the same 
raiaol eimb wrth lorward spend Also, its 
hovonng ceillnfl ia much lower than its 
coiling «vrth torward speed Both of ihese 
effects are due to tranataltona' htt 



Limiting Speed 

It rs i^arestlngto note what delut mines Vie 
HTiitlng speed or a modern helicopter. Two 
factors cc'vtntouic lo a hoilcoptor's loo 
speed, both of which are asaocialed with 
Vie aerodynamics of me main rotor blades 
firstly me speed ot the airflow over a rot or 
Uade increases from its root m Its tip 
simply because the tip speed is consider- 
abfy taster man al the root During eacn 
roiaton. a blade will be advancing then 
retreating fcttrthre lo me fuselage 6f the 

hefccoplitr <F«g ?l As Ihe helicopter flies 
lorwurda. part ol the Inner soctloii ol the 
■tfltrciil ne blade will be rotallng in a 
rearwards direction al a speed whtch is 
lower than the forward speed of the 
helicopter the airflow al this part Ol the 
Wade will be pawing backwgnH owjr the 
aeroloil and consoquentfy unable to 

.;• ■ ■•!:,•!.• ,rv,. ;; ,-■-. :r, . -.. - |,t ■ . ..,■ I 

■noreaava, thig loss of lit wi* tproad oui 

towards the Op ot tne retreating blade, 
whleh by now la Ihe only part producing 
any lilt To achieve high forward speed, we 
nave already seen that the pilot must 
increase the angle of anacfc ot each «o*or 

Qltdfl fl or i" li gi-ni :'■• lha ■"- >.:•■:•■■ , 
fcirwe/d Ihrusl The lirnilingi speed ol the 
hebcoptor Is reached when line angle ol 
attack becomes so great that the tip ol the 
blade alalia, resulting m total loss or hit and 
severe vibration 

Secondly; at Ihe speed of the h^lcopler 
Jncr eases, the speed of the advancing 
rotor blade will approach the speed or 
sound *"0 begin 10 suhV aorogynamic 
compteMabillty eflecla. — — 



ROTATION 




DIRECTION 
OF FLIGHT 



(Rg 2) 



Ground Cushion 

When hovering dose to mo ground Che 
downwasb from the rotor Wades tends to 
bulKf up & cushion of air commonly c^'KW 
"ground cushion" Tnis has lire etteci o* 
IncreasSng mo nllective lift, particularly 
useful wan heavier laha-ott weight or at 
alttuoe where tne air is ress dense fl is 
possible to fly lorwards whtlal m&jniainng 
ihe ground cuaniort in order 10 build up 
some Iran station ai MR Tne eitecbvenesa ol 
ground cushion decreases however win 

lorward speed- 



APACHE 



Introduction 

The pnmftry rota ol Ihe Apache is to attack 
and destroy hostile armoured vehicles with 
mammum surprise and with maximum 
sohrffy tor its crew This must be achievoii 
under (he most adverse woartier con- 
ditions, day or night, even after suffering 
sian»tlcanl battle damage. Despile a de- 
manding specification from the ij.S. A/my. 
tw-Apgcho surpassed all e*perjtBttona. 

Development 

its design began in response to the US. 
Army requirement lot a new Advanced 

Attack Hpt'lcoplet A contr.-ic:! ■*;«; awarded 
to Hughes in June 1973 |o puUd two 
pfototypes. the Bret oH which fcm on 30th 
September '9 ? 5. Fcrtowtng a ccfnp.jr.itrA! 
■yotl against the Bed Model 409. 1Mb 
Hughes P'ototype AH- 64 was selectee 1or 
limner develop me nt. 

Subsequent modillcjitions in Phase 2 
ficluaed estonsicn ol the main rotor maal 
upwards Oy 9 fiin to prevent me blades 
making contact with the fuselage which 
was happening ondeT cedan manoeuwfes' 
The lailplane was moved from the lop 01 me 
fin to the nose ol the teacone to improi* 
handling qualifies- Tnraa- more prototypes 

wen) &Udl With modlfccabOris inducing a 
further extension lo the main rofor mail. 
Swept bacts lips to Ihe main rotor Wades, 
a 3in Increase to the tall rotor d>ameler, 
and the introduction of Ihe "BUck Hole* 
eahftust coolers. Development continued 
with a fui evaluation ol al weapon syshMns 
find Briontcs Theintroduclonofcompuler- 
cor trolled variable Incidence tailpipe 



aokud many unsabsr^ctpry characteristics 
across the complain fog*" envelope. 
Opirvory q* in* *s prgduction Apaches to 
iho Arrnylook place in t9ft4 with the Amy's 
protected Mai rexjuirement in the •egkwi o* 
SIS Apaches. Cost in i9&4: J? ft mikon 
each-. The Apache pioduciicm plant ia at 
Mesa, Alliens where they aim it> msnj- 
facture '? machines per inanih 

PerformarTce 

AgWv oral rcralt respon seta con trot Inputs. 
is fast and precise- ihe Apache will pro- 
duce 100 deg/sec rate W -ron at between 
1?0kls and 100 kt* and a high -nwan- 
laneous turn rale, allowing H lo be 
manoeuvred briaMy around ooVn^ctonsat 
low eJittudo Stopptocss and stow response 
typical of most helicopter (light controls are 
■Own*, in (act. pilots »nd jo over control 
until thev actual to its crisp response. 
Despite th s, pilots appear to adapt DO Bw 
Apache's hanefflng chaiacteristlca. sur- 
prisingly QU"Cfcly 

TMii^«h«ipty forwards out o' the hover and 
pulling 100% torque, She Apache reaches 
1 00 Mi in ?50 yards. nqurvaJcnt lo to 60 
mph within 4.6 seconds An. impreasiwe 
accotoratton lor a machine weighing 6 S 
Ions! _ 

True- airspeed in level flight: with ^normal 
mammum continuous power (aooro«. GE>% 
torouftl A 146 kti Aerodynamic drag roea 
Sharply above th b speed . w 1 h 1 Off* lor que 
gnnhg apcoiiiniaCcty 160 kts m level Sight 
The nWuiaium speed in a dtwe IVneJ 'a 
197 kts 




Capable ot hovering on Doen engines al 
66%toraueand lOd^intHnasinojieenglrie, 
me Apache crew can oe conl-aeni lo 
survive a angle engfH? taiiuru, even b\ the 
"ever — '^ 

Avionics 

The Apache contains fihlrteen on-board 
compiiters with bullt-m set '-test and 
automatic fault detection Many ol the 
"black boxes" are duplicated in dufterenl 
pads o* the aarcra* K reduce rylnerebillry K) 
enemy lire Much ol Iho awonlg equipment 
•. .x.i-i II- : .iy. i ':•- ■ ■ -(-.:■ ih '-r.v ■ 

lijwilngfl. viaMo as large artamal fairings 
Th« includes secure VHP. UrtF- AM A FM 
rad«. Doppier navigation, strandown atll- 
tude and heading reterence system, 
automatic srabtiiiMon a convnand aug- 
mentaMn system IDASE). tussive racter 
wa>ning. tR & iadiir Jammers, choft/nart 
oVspenseri and the loser detector 

(a) Flight Control System 

The fltght conlro' system is designed to 
simpfcly the task o* flying under stressful 
conditions. Pilots find Ihe Apache easy bo 
lly. even wilhoul autosiabii nallcn A1 the 
heart ol Ihe system ks ihe Qiglial Automate 
Stabilisation Equipmem IO*5E> which 
iak«ui n|o/matlon from sencprt jiruinri mo 
i*e&coplw and; shapes the pita'* control 
inputs to optimise ihe aircraft's response 
tor lactrcaJ frying Many o' the unwanted 
central aoss-couR#ng ettecb typical ol 
many heltcoplers have been etminaleo by 
automatic ecmoenaaiion and turns a/a 
auto mat icativ cooramaied above 60 Kts 
More specifically DASf takes rale. niloCity 
8 heading information from the- Heading ft 
Ailrtude Reference System, cohacts normal 
air dais horn the PACER system on the rotor 
■nasi, rnaiches (his data w«th *he pilot's 
conCrol inputs S drives the rotor servos 
accotdino*y: in tots manner, DASE may he 
describee) as a ''cotnniand-augTiontation'' 
system shaping me helK&Dlsrs resnonsa 
Co the oflois inleni>ons Qiving us an 
''inielligenr' system whereoy the pilot 
simply "requests' his manoeuvre and Ihe 
system bundles both transient fl steady 
states aulonwlically to Ac*»eve the desired 
result 

A moving tailptane or stabaator is con- 
tinuously control' ea by the DASE. main- 
taining the Apache fuselage m a >evel Itighl 
Attitude from 30kt5loil»max«ium speed ol 
aporommale+y 160 kts. The stab-iator 
ettminates the pronounceo' nose-ctown or 
nose-up aitfludos oilen seen on many 
nefcople'B thus reducing crew workload 
and allowing inem to concentrate on 
accomplishing the ano-tan*i a ground- 
artack futott ol the Apache. 

(b) Target Aquisiuon and Designation 
Sight (TAOS) 

IhiS Is a cluster ol sensors mounted >n 
a staoiiised housing m the helicopters 
nose to gwe both p-iot and gunner a 
choice of how to vow the outside world 
The weapon- aiming displays aim viewed 
through anicyo-piocc by the gunner plus fl 



ITS HISTORY, DESIGN, 
AND DEVELOPMENT 




small -heads-out" display on n<s tnstru- 
frieni panel. The TADS mav be Swfoeaad IM 
deg rig w or iefl. 30 deg up, o* 60 deg down 

Fl lR iFurwlLrd Looking Inhfi-SedJ ii uSed 

rormght time vis»on. DatfarieTV iDTV)-*tthe 

near Infra ^rod band Con psholntfo amoko 
and hare, and Direct vtew Optics (DVO) 
give 4 coloured display witf* a maximum 
rruignlhcetianol x 126— capable o*vigually 
gooming-m gn a target up to 3 m>les away* 
» * choc* ol held ol 

FN? TADS wen auromnlicflliy track a target 
altar looking on to fl. The guiwwr wHi usoiha 
Drv laser lo otfomu-rw largos range, in 
wad ice oflsenr.g the laser to avoid 
detecTion by the target The target Mil finally 
be Wumtnated by the laser iust on or :o 
impact orthe HelMit e missile The target may 
also be aiumiAated by a remote source e.g. 
ground infantry The Apache is Chen able U 
"lire-and-lorgiri" each missle and return lo 
cover An alternative approach also 
available lo the gunner rs lor the Apache lo 
pop up from behind cover, take a video 
recof ding ot Ihe battlefield, and pop down 
again Alter studvetg the video, the gunner 
may scftec* a number ol largcls and enter 
their coord ma lis into lh» target computer 
rtellltre rn.sailes may Ihen be launched trortt 
behind cover, popping up brtetry to laser 
spot the target in ihe is&t lew seconds of 
■light 

The gunner- may select from a range ol 
symbol ogy on Ihe displays according to the 
type ol weapon to be uses. For the Kellhro 
misarles. tie IADS is inuilod lo plaice a 
doited outline around the target. This 
oufline becomes solid when the miss4e 
launch paramo (era are satisfied For gun 
Kring, a simple static sughi is used out 
corrections lor range and crosswind arc 
aulomabcafly superimposed bythe weapon 
conr/ol system 

(c) Pi kit's Night Vision 5ysiem (PNV5) 
A remarkable system available lo both pilot 
and gunner is the Integrated Helmet a 
Display Sighting System (IHADSS) The 
pilot looks through a holmet-rnoun:ed tete 
vision ''monocle*'' 1o view the outside world 
protected life-aire Into his right eye. 



tho pilot 'aneimat determine rus 
tvead position and -drive the cameras tfi the 
ot Ihe hetlcooter accordingly The 
PtSVS turret may swwei BO dag. left or right, 
up 20 deg and down 45 deg . wvih a field ot 
view ol 50 deg Symbotogy on the display 

shows the oilol his direction ol flight it di«- 
ferent from hia l«e of sight, and the picture 
is so clear he can even distinguish power 
lines — usetul when flyw>g aggressively at 
eitremety low attitudes By combining the 
^unctions ot TADS and IHADSS. either pilot 
o« gunner may aim his weapon system 
sarnpJv by looking at the target 1 

Weapons 

"ha rusM eg* , m e* a Hub ye 1 gftt Ml | 

lour weapon attachment points or pylons 
The inboard pylons are normally used lo 
carry 3 Helltire missiles, <l per side The 

cvtefpyivnaareilttwtyptoiiiyArh t r - Inch 

tub-3 75*n rocfcol pods, slegr»bJebyeMhof 
enw member using their hclnicl''noun*,ed: 
ajoj rj 

Si) M230 Chain Gun 
ouftted unaerneagi me nose ol rno 
Apache is live 30mm M2.30 Cbam Gun. 
controlled through a rotating turret Tho 
complete assembly weighs i 1Sln ane has 
a rata or 'ire o( f&o rounasrnvn. Capacity 
la 1290 rounds. The gun mounting Is 
coilapsibM and tormn pan of tho energy 
absorption process in the eveni ot a crash. 
Tho gun may bo aimed using cither TADS or 
the he imm- mounted display 
it) Helrfe* Missies 

This 100*0 supersorv c m»s*ile has a range 
ot over 3 miles, and a variety ol guidance 
systems in the case ol tn* Apache, ihe 
target Is Illuminated with a laser beam 
which Is delected by the russule's homing 
"■ id rh* Apache « capable jr ca rt^naw 
lo 16 HeMlres 

Typical mission oonftguraUons: 
Anti-tank mission 16 Heltfire missies and 
1200 rounds o« ammo 
Ground support 8 helin-e rmssiles, 38 
rockets. S200 lounds ot* ammo 
Alrmobee escort 3B rackets and 12CQ 
rounds oA ernmo. 

Structure 

The fuselage •* a conventional semi' 
tjwnocoque atunvnium structure with 
Irac lure-to ugh meleriels, redunoanl load 
paths and oversized shuciurnl msmbentto 
minim.Melf*ct»ofbflttlcrtamf>ga Themain 
rotov conftuU* Ol lOirr blades, each having 
live stainless steel spars lined w4h 
structural glass-libra lubes, a laminated 
si aidless steel skin and a composite trading 
edge to give a mulilpfo redundant. ajructurrj 
Tests have shown iha? the main rotors can 
surviue a rjiroci hi* by a 23mna srwH Each 
otade is-sOached to tno hub byotastomenc 
ieod'lag aampers and offset flapping 
hinges 

The tail rotor arrangenien; ib an unusual 
design with the C-aoes maumed £-5 deg 
apart The uneven apacirg gives optimum 
tow noise levels 



Both Crew IAS ptPte Ce afl liv arrnour Dialed 

sealft The energy-absorbing lunding gear 
was designed lor normal landings of up lo 
12 fl/aee. and hnavy tandlnos ot up to 48 
n/ssc 

Engines 

Iwo General Electric T7Q0 GE 7Q1 tuTOo- 
shafts producing 169S shp. oach. 
mounted on either side of the main 
transmission The wide sanarahon oilers 
ftdditionnl survivability mmtmliaing me raft 
ol both ongsves being loal due to a smgie 
raL and full twin-engined reaundancy The 
main Iransrriission wiHope'ate lor i*p to-one 
hour attar Ihe loss of all lubricating oil 1 
Htted lo Ihe rear ol each engnqi is I 
heat-eKhsngor known as a "Black-Hole" 
This is to reduce the temperaluro of the 
eahaust gases and minlrrise det&ction by 
inlra-red hpming missies 





LOADING INSTRUCTIONS 



connected to port 2 



3 Program will load lo display I He page 



; Alan 600XL/SOOXL/I30XE 
no!64K memory. 
Please ensure that joystick is connected lo port 2 
l Turn off the computof and all penphe.'as except 



3 Switch on power. The program will load u 
display niie page 

4 Sflfect languages by pressing E lor Engli* 
lor Doutsch o* F lot Francate 



3D real-world display: 

Features include landing pads, buddings, trees. 

transmission pylons, mountains, enemy tanks, field 

guns and helicopters Ground texture is visible 

when (lying below 500 led to enhance the 

sensation ol speed I" ' — 

flyb 

MENU OPTIONS 

MISSION I - aYING TRAINING - Used lor 
hekoopter familiarisation and developing ground 
attack skite. Enemy ground forces will not return 
lire Each sector contains 8 enemy targets, either 
held guns or tanks, giving a lotat ol 1024 possible 
targets flcross the complete map Proceed to an 
adjacent sector after destroying all targets in your 
presenl sector, either by Hying directly or landing a' 



i pad and using tho joystick (method t 
later under MAP) Refuel and reload 
ammunition as necessary. 
MISSION 2 - COMBAT - This is a short nua 
involving the invasion of lour allied I 

wnygrc 

I wHf & 
indicate the pre 
mission Is to liberate the lour sectors by destroying 
the ground targets, each socio- taking typically 10 
minutes lo c'ear. Alter destroying all targets the 
mission is completed by landing at the nearest 
helicopter pad and closing the th* otlie 
MISSION 3 - COMBAT - Surrounded totally Dy 
enemy territory, your mission is to liberate the 
oniifo mop from enemy occupation Each hostile 
sector becomes allied as the ground targets are 
cleared, thus allowing you to land and reload with 
weapons etc 
MISSION 4 - COMBAT - A strategic baffle lor 



occupation i 



the 



support aided ground f< 



Likewise, it the enemy succeeds in destroying your 
ground lorces, the sector will become hostile 
territory and the Iront hno will progress to tho let. 
Once a row is completely liberated o> occupied, it is 
oul ol the game. 

n o in all COMBAT missions the enemy will lire 
back! The simplest approach is lo use the laser- 
guided mtoles lo destroy the enemy as soon as 
possible, but points scored will be lower than using 
rockets or guns. 

avoid landing in enemy territory rl you are damaged 
or need lo reload or refuel Check lor enemy 
occupation before landing by Inspecting the map. 



selectable cloudbaso lor instrument flying. 
CLOUDBASE - selectable Irom 50 ft to 500u n. 
CROSSWINDS & TURBULENCE - lor Ihe experi- 
enced pilot' Variable crosswind & turbulence 
effects. 
PILOT RATING - TRAINEE 

SQUADRON 

INSTRUCTOR 

ACE 
The pilot rating is equivalent to difficulty level and 



SOUND ON or OFF 

INSTRUMENTS: 

TADS 

Tatget Acquisition & Designation System - 

Used to identify and track tanks. 1-eWl guns and 

helicopters, allied or enemy. 

Includes range readout In feet when target is less 

than 10,000 feel away 

VDU - Visual Display Unit 

Speed in knots, (yellow = forwards, cyan = 

backwards) 

Altitude, feet 

VSl - Vertical Speed, ttfsec (arrow UP = climb. 

arrow DOWN - descent) 

TIME - Time lo reach target, m hours and minutes 



less than 1 



(hashed if greater than 4 hrs, 

minute) 

RANGE - autoranging navigation computer 



have cleared a complete 



Heading: direction in which the helicopter ts 

Track: Right path direction 
Beanng. heading required to point at objective. 
Note, a helicopter can be pointing in one direction 
(Head<ng) but moving m a different direction 
(Track) e.g. sideways! Match Ihe heading to the 
target bearing to intercept target. The flashing dol 
indicates relative bearing of target 



H: Landing Pad guidance (4 pads per sector) 
T: Ground target tracking (B targets per sector) 
Lightning symbol: enemy helicopter interception 
Flashing symbol warns ot appioaching enemy 
hebcopter . 
CONTROLS 

THROTTLE - key W to open throttle 
key S to close throttle 
Controls engine/lurDine rpm Normaty set to tuily 
open unless practising engine-oft landings 
Assisted in High! by computerised auloihronie 
control 

COLLECTIVE LEVER - key O h 



This I 



key* 



i 'i 



MSicalty -a vertical lift control used (or 
take-off to the hover, and forward thrust control m 
straight & level flight 
CYCLIC CONTROL 
joystick (orwaid tilts nose down 
joystick back Wis nose up 
ioyst<ck rent to roH fight 
joystick left to roll left 

RUDDER - hey X to yaw hghl 

key Z to yaw ten 
DOPPLER MODE 

Key C selects between beacon mode (B). landing 



1 enemy helicopter 

WEAPON SYSTEMS & TARGET ATTACK 

When m ground attack or air-to-air mode. Ihe 
weapons systems are activated. The helicopter 
must be airborne to tire .is weapons Select 
between gun. rockets or missiles using key P. The 
gun & rockets are manual tracking only i e the 
target must be in the s-ghts when the weapon ts 
launched or lor the TADS to operate The missive 
system locks on to any hostile target passing 
through the sights 4 lock-on is depicted by a Solid 
Square Tracking is automatic if the target remains 



GUN - diagonal sjghts - rango 2000 tt 

1200 rounds 30mm ammunition, 750 rounds/mln 

ROCKET - Vert'Horiz signts - range 4000 ft 

38 ungukted rockets (19 each sidof 

MISSILES - square sights -range 3 Imls 

8 Helrfire missiles - laser guided, auto-tracking 

FIRE BUTTON - on joystick 

The time for a weapon to'reach a target will depend 



■ Mr -i 



a-got is away n is possible to locale 



and destroy enemy targets in both map mode a 



Damage to helicopter systems is indicated on tne 
la lure status panel and structural damage is 
shown by the Ooppler helicopter symbo> flashing 



enemy helicopter is approaching, a warning 
' —" *e flashed on the Doppler — - 



you are not in alr-to-a 


combat mode. Vou are 


advised to select air- 


o-jn combat mode and 


destroy the enemy helicopter before he gets too 
dose! 


Scoring Scheme 






Target 


Weapon 




Used Field gut- 


Tank Helicopter 


Gun 20 


^t too 


Rockets 10 


20 SO 


Missiles 5 


10 25 



target with a miasiio. lower points will l 



I i: i 



range 
guns (range 205o ft!) but the 



points scored will be higher 

MAP 

Use key M to select map or to return to normal 

display Your helcoptef is shown by the flashing 



symbol with a tail Enemy helicopters e 

without a taiiptano Boa 

navigation purposes. 

By selecting MAP mode 

pad, the helicopter may ■ 

sector by using joystick. 

This feature eliminate 

straight and level tkght t 

When training (Mission 1 



• used lor 



I. ail sectors are allied and 

be used for refuelling. 

enemy 



i (Allied) I 
rung I 






..ol 
enemy lorccs m allied territory. Ukrjwrso. a Hashing 
rod sector mrhcates the presence ol alliod knees in 
hostile territory You w* be captured by Ihe enemy 
if you touchdown In hostile territory. 
The destructcn of all enemy forces m a hostile 
sector will result in the sector becoming allied 
Likewise, it all aBied forces m a sector are 
destroyed, the sector becomes hostile 
The map is designed to "wrap around" at the 
edges i.e. when (tying off the map. the helicopter 
willreappeai at the opposite edge 
COMPLETION OF MISSION 

> completed when all enemy ground 

beenot 
sately to a landing p 
throttle to bring Ihe turbine and ri 
comptimeniary mission report will follow. 
PILOTS NOTES 

il helicopter are "proportional - . 






r effect is proportional t 



It « not f 



displacement 



siWe to implement t 



of each co 


rol proportional lo hoi 


lent) the joystick 


'3 held, a simple approximation 


"real" controls 


has been 




e. momentary operation of 


tne joystick 


to' fine c 






rapid rale 


This do 




mean that the 


joystick 


uSl " DC 


operated 


repeatedly tor 



Helicopters are naturally unstable and ditf.cult to tly 

without autosb ' " 

Digital Ai.lnnv 

making it tar 

helicopters. 

Take-otf proced 

t Ensure thai ooliec 

? Select full throttle - key W - hold pi 



4 Increase collective pitch by pressing key Q itntit 
W-oft occurs. VSI .novates vertical speed in ttsec 

5 Reduce cotectrve (hey A) lo achieve hover i e. 
VSI = 0. The helicopter is now hovering above the 



helipad. 

6 Turning on (he spot Is ace 

let! or right rudder (Z or X). 



npkshed by applying 



Transition to forward flight from hover 

1 Increase collectrvo (key 0| lo between 60% to 
100% Torque Reduce collective (key A) If 
oveftorque warning sounds. 

2 Till nose of helicopter downwards (joystick 
forward) to between 15 and 30 degrees 



At speeds under 60 kts, the helicopter wM tend I 
"drift" Into the turn, shown by the sideslip bail at Ihi 
bottom ot the artificial horizon. Turns may dh 



tJ by applying the n 



FluCtuatons m rote* rpm occur during a turn 
bocauso of g force effects The autolhiottle will 
adjust the hirbtna rpm accordingly to keep the rotor 
rpm at approximately 100%. 
Slowing down & returning to the hover 
t Gentry raise the nose of the helicopter by pulling 
back on tne joystick The anrr.il: will Benin to r- ow 
down and also climb. Ma main tne nose-up attitude 
By repeatedly pulling back on joystick (genltyl). 
2 Reduce the rate o) cbmb by reducing collective 
(key A) to keep VSI lo approximately zero As the 
forward speed drops below 60 kts, increase 
(keyO) to counteract s-nk rate 
I helcopler lo return lo leve* flight 



5 Providing that the forward speed i« 



forces generated. 

Landing 

The helicopter may be landed from the hover 

(vertical descent) or at forward speeds of less than 



forward speed. The Apache 
helicopter From a stable hover. 

and tilting the nose downwards to approx 30 deg. 

Straight & Level Flight 

Forward speed is related primarily to the torque 

setting & hence the collective lever setting. 

assuming the helicopter is not auloroiattng 

(explained later) Typical speed/torque settings are 

asloiows". 

Torque 



-4% 
60% 



Speed 

60k 



75% 



19 Ms 
147 Ms 
100% 159 kts 

These values will vary slightly with altitude and 



the fuselage level. 
Turning Flight 

Providing that the forward speed is greater than 60 
kts. tuming <s achieved by simply banking left or 
tiQhl Some vertical lift will be lost when banking 
a helicopter will begin lo descend. This may 



collective 

setting. The helicopter wi lend lo slow down in a 
turn unless tho pilot drves to sacrifice height to 



the descent r. 
lb) Rolling touchdown Wilh a to»ward speed of 
less than 60 His Dentjy tower the collective lever to 
begin descent Mai VSi at touchdown = 12 ffs 
Alter touchdown, the helicopter will slow down and 
eventually slop Steer on the ground by using 
rudder control 
Taxiing on ground 

The helicopter may be taxed on the ground, up lo 
a maximum speed ol 60 kts. providing thai the 
enginevrotor rpm are at 100%. Assuming that the 
helicopter ts stationary, raise the collective lever to 
produce about 20% torque Pushing torward on 

likewise pulling back wii decelerate and eventually 

stop Steer by using (he rudder 

Refuel li no/Rearm i ng/Repa i rs 

By landing or taxiing onlo a helipad (not an enemy 

one!) the aircraft may refuel, reload with weapons. 

and be repaired Once on the pad, close the 

ihrottle to bring turbine A rotor rpm to zero. The 

helicopter wll bo serviced and prepared for the 

next take-off immediately. 

Backward & Sideways Flight 

Starting from tne hover, the helicopter may be 

flown backwards by raising Ihe collective lever and 

raising Ihe nose lo approximately 10 deg. Tho 

speed readout wril turn cyan li 



flight Keep the nose of the helicopter pitched up to 
sustain speed Likewise, the helicopter may be 
flown sideways by rolling left or right and raising 
the collective lever. Tho speed readout, does not 
show sideways speed and the pilot must watch |he 
sideslip indicator below the artificial horizon in 
order to monitor sideways drift 
Torque Turn 

This manoeuvre allows the pilot to perform a 180 
deg turn with a d'amat-c dimb & simultaneous turn 
With a forward speed ot i00 kts or more, pun the 
nose oi the aircraft up to appro* 70 deg pitch Hold 
this nose-up altitude unt-.i the speed drops to 
appro* 60 kts. Release joystick A apply rudder u 



heading 
Aerobatics 

The Apache may be (town safely 
loHowng limits Pitch ; 90 deg 
Roll * no deg 
Control response may become un| 



If he continues to increase r«s ! 
helicopter will shed a rotor blade i 
resullmg in catastrophic loss of control i 



have failed! 

Features of TOMAHAWK: 

• Spectacular 3D real world display 

• Fully aerobatic iwrtrvn limitations of < 

ha icoptef] 

• Ground attack & aiMo-an mierccplion 

• Over 7000 ground features 

• Day'mght vtsion systems 

• Cloudy conditions, crosswinds & turbulence 

• Doppter navigation & target tracking system 
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_.._.i by airflow through the i__ 
helicopter descends This reduces the power 
required Irom the engines and the engne RPM is 
automabcally reduced to maintain 100% rotor 
speed and the "spirt" 



best performed at approximately 60 kts and above 
SOO ft Entry into autototaticn is made by gently 
lowering tho collective lever 



the lesting and evaluation of true product 
AH information stated herein is accurate to Ihe best 
of our knowledge. Although considerable effort has 
been given to achiev-ng a realistic simulation. 
appro»imations have 



» the turbine 
rpm will be 
compensated automatically by the auiothrottle As 
the altitude laSs to below 200 feel the pilot should 
begin lo pull the collective lever up to reduce the 
rate of descent, accompanied by raising the nose 
of the helicopter it he wishes to stow down With 
practice, the pilot will co-ordinate increasing the 
collective and adjusling (he pitch angle m order to 
slow down to the hover |ust a lew feet above the 
ground _ 

(b) Englne-off landings 
In the event ol failure of both engines ot it Ihe pilot 
deliberately doses the imottle m Light, engine rpm 
will reduce to zero Tho pilot must respond quickly 
by lowering (he collective lever before the rotor 
blades slow down loo much Rotor rpm is 
controlled during the descent by caietui adiustmont 
ol the collective lever. Keeping the helicopter level 
and the speed between 50 & 60 kts. raise the 
collective tever just before touchdown to bring the 
rate ol descent to below 12 tVBec 
Warnings - limits worth noting) 
I, The maximum permissible speed of Apache is 
197 kls. m a dive it ihe speed should nse above 
this tho pilot will get an audible warning 




SUMMARY OF 
CONTROLS 



INSTRUMENT PANEL NOTATION 

1 Collective lever 

2 Torque **» (a) Engine 1 (b) Engine 2 

3 RPM % (a) Engme 1 (b) Rolor blades (c) Engine 2 

5 TAOS - Target Acquisition & Designation System 

6 Fuel level 

7 Pilot's Visual Display Unit 

S 'Speed, m knots (yellow - torwaros. cyan - 



Roll Left 

Pilch UP 

Pilch DOWN 

Roll RIGHT 
Z LEFT rudder 
X RIGHT rudder 
C Change mode of Doppier 
N Next objective 
P Selecl weapon system 
Increase collective 
A Decrease colleclive 
W Open THROTTLE 
S Close THROTTLE 
M MAP 
H Pause 
J Continue 
CONTROL - RETURN to Abort 

& return to menu. 



joystick left 
joystick back 
joystick lorward 
joystick right 



to Time lo objective, hours & mr 

1 1 Vertical speed Indicator. VSI. 

12 Distance Iron objective. In lee 



1 9 Navigation/Compass 
Headmo. 

20 Bearing 



i : .11'. I- St.itu'., Panel 



INSTRUMENT PANEL 




ubersicht angabe der 
steuergerate 

Nach links rollen Sleuenxnuppel n 

Imks 
Steigungs (euenjng Steuerknuppel B 

SletgungslBumung Sieuer-nLppei n 

Nach rechts njllen Steuerknuppel n 
fechls 
Z LiNKES Slcuorrudor 
X RECHTES Sleuemidet 



N Nachsles?tel 

P Wattensystem wahlen 

O Nchtperiodrsche Sleigungssiouerung emohrtn 

A NiCtpenodische SteiQungssleuerung senfcen 

W Vergaser oflnen 

S Vergaser schlie8en 

M Kaflo 

H Pause 

J Forisetzen 

STEUERUNG - RUCKKEHR «m Oon Emsato 

d *u dem Menu /unjckjukommen 



INSTRUMENTENTAFEL DARSTELLUNG 


15 Roiiewmhel 


1 Nchtpet cdische Sleigungssteuefung 

2 Drenmoment% (a) Motor 1,(b)Molo'2 


16 Lnngsnogungswinkel 


1 7 Sciuebeftuganreiger ( Abtnti) 


3 RPM % (a) Mole 1 , <b) Rotorwatter. <c( Moior 2 


1 fl Doppiemavigatton/Kompass 


* Vergawanzoigor 

5 TADS - Zieierfassungs - und Be/eichnung5- 


19 Sleuerkure 


20 Peilung 


system 


21 Kurs 


6 Kraftsloftstand 


22 Motore ) 


7 VDU - Bilds»chigo<at des Pitoten 
B Geschwindigkeit *n Knolen 


24 Nav Computer ) ^ 


9 Hohenlaoe. in Fu6 
10 ZeriDisSel.Stuncten&Minulen 


25 TAOS ) 


11 VSI - venihalw Geschwirvj>gke<lsan;e.gef 


2? 30mm Ke!!ongosc"iit/ Mumtionsversorgung 


12 EnOemting vom Z.el m Fuf! odor Me»*en 


26 Rakelen 


13 Kimstlicnef Honzont 


29 Heflne Lenkwatfen 


14 Roliflzetcnon 





RECAPITULATION DES COMMANDES 

Roulis vets la gauche manche vera ta gaucf 



Selection system© 



M CARTE 

h Pause 

J Pour continuer 

CONTROL - RETURN Abandon i 

el retour au menu 



NOMENCLATURE OU TABLEAU DE 
BORD 

1 Leviw de pas general {coiieciitj 

2 Coupte % (a) Moteu- 1,<b) Moleur 2 

3 Regime % W Moteur ),(b) Pales de roior. 
lc)Moteu>2 

i Position de la manette 

5 SADC - Sysleme d'Acquisition ot de Oesgna- 



10 Temps 
heufes/mmutes 

11 Variomette (mdicateu 
pieds pa/ seconde 

12 Distance de lobjectif. • 

13 Horizon alrticiol 



I Symbol© de foulis 

< Angle de toulis 

i Angle de pente 

' indicaieu' de derapaoe (derive tflleraiollni 

Vinol) 
) Doppler 
I Navigation /boussole Cape 



21 Cap (parcoure) 



24 Ofdinaleur 



29 M.ssiies Helidre 



Tableau otatdelauls 




AMSTRAD PCW 8256/851 2 

Tomahawk Disk □ £19.95 

AMSTRAD CPC 464, 664, 6128 

Night Gunner G £7.95 

Night Gunner Disk D £13.95 

Tomahawk □ £9.95 

Tomahawk Disk (J £14.95 

Fighter Pilot 

Fighter Pilot Disk 

ATARI 

Fighter Pilot 

Fighter Pilot Disk 

Tomahawk 

Tomahawk Disk 

SPECTRUM 

TT Racer 48/ 128K □ 

Tomahawk 48/128KG 

Fighter Pilot 48K C 

Night Gunner 48K r 

COMMODORE 64 

Fighter Pilot n 

Fighter Pilot Disk 

Tomahawk 

Tomahawk Disk 

eheque'P o "Wdo oayaCI 



£8.95 
D £13.95 

D £9.95 
D £12.95 
□ £9.95 
D £14.95 

£9.95 
£9.95 
£7.95 
£6.95 



n £9.95 
U £14.95 
I I £9.95 
D £14.95 
lo Digital Intograton Ltd 
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